The study was conducted to determine the chemical composition nutritive value of dried citrus pulp (DCP) and its effect as a feed supplement on the performance of geese. The results of Experiment 1 showed that the DM, GE, CP, EE, CF, NDF, ADF, calcium, and total phosphorous of DCP were 90. 75%, 3.60 Mcal/kg, 6.17, 3.51, 15.69, 23.37, 21.49, 3 .60, and 0.13%, respectively. The content of methionine, lysine, valine, leucine, isoleucine, threonine, phenylalanine, arginine, histidine, glycine, proline, serine, cystine, alanine, glutamate, tyrosine and aspartate, and tryptophan was 0. 02, 0.22, 0.24, 0.33, 0.18, 0.20, 0.22, 0.19, 0.10, 0.25, 0.51, 0.21, 0.02, 0.28, 0.54, 0.15, 0.46, and 0.05%, respectively. In Experiment 2, the digestibility of energy and amino acids of DCP were analyzed using an emptying followed by force-feeding method. The AME of DCP was 2.05 Mcal/kg, and the true total tract digestible methionine, lysine, valine, leucine, isoleucine, threonine, phenylalanine, arginine, histidine, glycine, proline, serine, cystine, alanine, glutamate, tyrosine and aspartate, and tryptophan contained in DCP by geese were 0.01, 0.10, 0.12, 0.19, 0.09, 0.12, 0.14, 0.13, 0.06, 0.14%, 0.42, 0.13, 0.01, 0.15, 0.31, 0.08, 0.28, and 0.03%, respectively. In Experiment 3, 210 35-day-old male Sichuan white geese were randomly allocated to 5 treatments, and each treatment group was fed one of 5 experimental diets containing 0, 4, 8, 12, or 16% DCP until 70 d of age. Geese that were fed diets containing 4% DCP exhibited greater ADG compared to the other 4 groups. Geese fed diets supplemented with 16% DCP had increased ADFI (P < 0.05) and a higher FCR (P < 0.05) than those fed the diet containing zero to 12% DCP. Moreover, inclusion of DCP in the diet did not affect the yields of breast meat, leg meat, subcutaneous fat and skin, and abdominal fat across the 5 treatment groups. In conclusion, DCP appears to be a potential feedstuff for geese, and DCP can be included in diets below 12% without negative effects on growth performance and carcass yield in geese.
DESCRIPTION OF PROBLEM
Citrus is one of the fruits with the most cultivated areas, and the yield is 115,525.2 tons. The amount utilized for processing is 29,022.9 tons, accounting for 25% of total production [1], which presumably leads to 14,511.45 tons of citrus pulp. Citrus pulp is a valuble energy byproduct and has been successfully fed to ruminants, pigs, and broilers. Dietary citrus pulp supplementation increased milk fat content and milk fat yield [2] . Citrus pulp can partly replace cereal grains in sheep rations without adverse effect on milk yield or composition [3, 4] . Citrus pulp silage can replace the roughage and partially replace the concentrate of a traditional diet for growing lambs [5] . Growing pigs can adapt their gastrointestinal tract to citrus pulp as a source of high-fermentable carbohydrates without detrimental effects on growth performance and meat quality, and it has potential benefits on gut microbiology [6] . Dried sweet orange peel in the proportion of 1.5% of feed seems to promote feed intake and weight gain in the period between one and 21 dof age in broilers [7] .
Geese meat is rich in unsaturated fatty acids and essential fatty acids, and low in cholesterol, providing a high-quality protein source for humans. Recently, there has been a growing interest in increasing the production of geese. Geese are herbivore poultry with high digestion capability for fibrous feedstuffs; therefore, citrus pulp, containing a high level of fiber, is a potential feedstuff for geese. However, little information about utilization of citrus pulp in geese is available. This experiment was conducted to estimate the nutritive value of citrus pulp and its effect on performance in geese.
MATERIALS AND METHODS

Animal Housing and Diets
The present research was approved by the animal care and welfare committee of the Chongqing Academy of Animal Science (CAAS).
Dried citrus pulp (DCP) was obtained from the Sanxia Fruit Industry Group Co. Ltd (Chongqing, China) and was a mixture of pulp residue, rind, and seed from orange juice processing. Fresh citrus fruit was pressed and its residue was collected. After a moderate addition of lime, the mixture was dried until its moisture content was less than 10%, and then DCP was obtained. All geese used in this experiment were obtained from the goose-breeding center of CAAS.
In Experiment 1, the chemical composition of DCP was examined. The samples of DCP were analyzed for DM (AOAC 4.1.06), gross energy (GE) (PARR 6400 calorimeter, Moline IL), CP (AOAC 990.03), EE (AOAC 920.39), CF (AOAC 978.10), NDF and ADF (AOAC 4.6.03), calcium (AOAC 4.8.03), and total phosphorous (AOAC 3.4.11) [8] . The methionine and cystine contents of DCP were analyzed according to the method recommended by Xie et al. [9] . Tryptophan and other amino acids were determined according to the method supported by the Standardization Administration of China [10] . Briefly, methionine and cystine of MLM were oxidized by mixing 88% formic acid and 30% hydrogen peroxide at a ratio of 9:1 and then hydrolyzed at 110
• C by 6 M HCl for 24 hours. Next, the pH of the hydrolyzate was adjusted to 2.2 and was then analyzed using an amino acid analyzer (L-8900, Hitachi, Tokyo, Japan). Tryptophan content was determined using alkali hydrolysis. The sample was hydrolyzed by 4 M LiOH at 110
• C for 20 h, then sodium citrate with pH 2.2 and 6 M HCl were added. After being centrifuged at 1,520 × g for 8 min at 4
• C and filtered using 0.22μm-filter membrane, the supernatant was analyzed using a High Performance Liquid Chromatography (Agilent 1260, Santa Clara, Utah). The other amino acid contents of DCP were analyzed by ion-exchange chromatography with an Amino Acid Analyzer (L-8900, Hitachi, Tokyo, Japan) after 6 M HCl hydrolysis at 110
• C for 24 hours. In addition, the content of limonin in DCP was analyzed using a high-performance liquid chromatography method [11] .
In Experiment 2, the AME and true total tract digestible amino acids were analyzed using the "Sibbald method" with minor modification [12] . Briefly, 24 male Sichuan white geese 194 d of age with an average body weight of 3.5 kg were allotted to DCP treatment groups and a nonnitrogen group according to the initial weight with 12 repeats per treatment. Feathers within a 5-cm zone adjacent to the vent of the birds were removed to expose the skin, and a special plastic retainer was sutured to the exposed skin. Birds were kept individually in metal cages (56 cm × 36 cm × 60 cm) and fed with a standard feed for 48 hours. Birds subsequently assigned to the DCP and non-nitrogen treatment groups were fed a DCP or cornstarch diet, respectively, ad libitum for 24 hours. Following 24 h of fasting, individuals in the DCP-treatment groups were tube-fed 65 g of DCP, whereas birds in the nonnitrogen treatment group were tube-fed 65 g of cornstarch. All geese had unrestricted access to drinking water. To prevent damage to mucosa of the oesophagus during tube-feeding, water was added to the dietary pellets in order to produce a paste. At the time of tube-feeding, a bottle cut to a length of 3 cm with a collection bag was screwed to the sutured plastic lids for excreta collection, which lasted for 24 hours. Excreta samples were dried at 65
• C for content determination of the energy and amino acids. The duration of fasting period and excreta collection period (24 h) was adapted according to the study results by Sheng (2005) [13] . The method determining energy and amino acids was the same as that in Experiment 1. The AME was calculated by the following equation
where GE DCP is the gross energy of DCP (Mcal/kg), GE diet is the total energy intake originating from the tube-fed DCP (Mcal), and GE excreta is the total energy output in the excreta when tube-feeding DCP (Mcal).
True total tract digestible amino acids (TTTDAA) contained in DCP was calculated by the following equation:
where AI DCP is the total amino acid intake originating from the tube-fed DCP (g), AO DCP-excreta is the total amino acid output in the excreta when tube-feeding DCP (g), AO corn starch-excreta is the total amino acid output in the excreta when tube-feeding corn starch (g), and AA DCP is total amino acid in DCP.
Experiment 3 was conducted to study the effect of DCP on the performance of geese. Twohundred-ten 35-day-old male Sichuan white geese with an initial average body weight of 1,728 g were randomly allocated to 5 treatments consisting of 6 replicate pens each containing 6 birds. Geese in each treatment group were fed one of 5 experimental diets: zero, 4, 8, 12, or 16% DCP. All diets were iso-energy and iso-nitrogen. The experimental diet was formulated based on the analyzed value of ingredients except AME; only the AME of DCP was determined. The compositions and chemical analyses of the diets are shown in Table 1 . Birds were kept in plastic-wire floor pens with a dimension of 150 cm × 200 cm × 60 cm. All birds had free access to pelleted feed and water, and the light program was 14 h of light per day. At 70 dof age, live weight for all geese was measured and recorded following 12 h of fasting; ADG, ADFI, and FCR were calculated throughout the experimental period. Feed intake and feed:gain were all corrected for mortality. Two geese were selected according to average body weight of corresponding pens and killed by cervical dislocation. Breast meat (including pectoralis major and pectoralis minor), leg meat (including thigh and drumstick), subcutaneous fat and skin, and abdominal fat were removed from the 2 carcasses, weighed, and expressed as relative weight to live body weight at processing.
Statistical Analysis
Performance and carcass data were subjected to one-way ANOVA using the GLM procedure of SAS [14] . Differences were considered significant at P < 0.05, and means were compared using the Duncan test. The experimental unit was the individual goose for the energy and amino acids' digestibility and per repeat for the growth and carcass index.
RESULTS AND DISCUSSION
Chemical Composition and Nutritive Value
Chemical composition of DCP is shown in Table 2 . The DM, GE, CP, EE, CF, NDF, and ADF Table 2 ) also showed that a low overall level of amino acid existed in the DCP, and the content of amino acid ranged from 0.02 to 0.54%. Among the amino acids, the content of methionine, lysine, tryptophan, threonine and arginine was 0.02, 0.22, 0.02, 0.20, and 0.19%, respectively, implying that essential amino acids for poultry were deficient in the DCP according to NRC (1994) [16] . In the present experiment, a moderate amount of lime was added in the process of DCP production, and, therefore, the content of calcium (3.60%) was higher compared to other studies [7, 15] . The present result ( Table 3 ) also showed that a low level of digestible energy was contained in DCP, and the AME of DCP was 2.05 Mcal/kg, which is comparable to brewers grains [17] . Moreover, digestibility of the DCP by geese in terms of amino acids was quite low, and the true total tract digestible amino acids of DCP by geese ranged from 0.01 to 0.42% (Table 3) . Among amino acids, the true total tract digestible methionine, lysine, tryptophan, and threonine contained in DCP by geese were 0.01, 0.10, 0.03, and 0.12%, respectively, indicating low-quality protein existed in DCP for geese.
Growth Performance
The growth performance (ADG, ADFI, and FCR) of geese fed with diets containing various percentages of DCP is presented in Table 4 . The birds fed with 4% DCP tended to increase ADG when compared to the other 4 treatments (P = 0.05) from 35 to 70 d of age, indicating that appropriate inclusion of DCP into the diet benefited growth in geese. However, the birds fed the control diet also did not differ significantly from those of the other 3 groups fed the diet containing 8, 12, and 16% DCP (P > 0.05) in ADG, implying that inclusion below 16% of DCP in the diet did not affect ADG in geese from 35 to 70 d of age. Dietary DCP inclusion up to 16% did not reduce feed intake of experimental birds compared to the control group (Table 4) , indicating dietary DCP inclusion did not have a negative effect on feed intake in geese. The ADFI was higher in birds with 16% DCP in the diet compared with birds fed the diets containing zero to 12% DCP, thus resulting in a significantly higher F:G. This result was similar to those in broiler chicks by Mourão et al. [18] , who reported that incorporation of 10% citrus pulp in diets for broiler chickens increased ADFI and FCR. Citrus pulp contains a high level of nonstarch polysaccharides (32.4%), thus incorporation of citrus pulp in diets contributes to increase the levels of dietary soluble nonstarch polysaccharides (NSP) [18] . Soluble NSP is known to increase digesta viscosity [19] and reduce feed passage rate [20] , leading to impaired growth rates and FCR.
Limonin existing in DCP can cause bitterness. In the present study, the content of limonin in the DCP we used was 348.42 mg (Table 2) , which could theoretically lead to deceased feed intake with an increase in DCP supplementation. However, compared to the control group, dietary supplementation with DCP (16%) augmented ADFI (Table 4) , which might result from the fewer bitter and sweet taste receptors in birds [21] . The chemical and nutritional properties of citrus pulp varied with differences in sources of the fruit and type of processing; therefore, the optimum dietary level of DCP inclusion was inconsistent among the different experiments. Dried sweet orange rind can be used in broilers up to a 15% level without any adverse effect on growth performance [22] , and dried sweet orange peel in the proportion of 1.5% of feed seemed to promote feed intake and weight gain in the period between one and 21 d of age [7] . However, some reports on broiler chickens showed that inclusion of 13% fermented citrus sinensis peel in the diet depressed body weight gain, feed intake, and live weight [23] , whereas incorporation of 5 and 10% citrus pulp reduced BWG [18] . The discrepancy may be attributed to differences in dietary ingredients, ingredient and inclusion portion of citrus pulp, and the genotype of the animals among these experiments. Our experiment is the first to estimate the incorporation level of citrus pulp in geese diet, which indicates that DCP can be included in goose diets below 12% without negative effects on growth performance.
Carcass Yields
As shown in Table 5 , the yields of breast meat and leg meat were not affected (P > 0.05) by dietary DCP level, and no differences were observed on subcutaneous fat and skin, or abdominal fat across 5 treatments, implying that dietary DCP inclusion did not affect carcass yields. Our results were similar to those in finishing pigs, which showed replacing 15% of the diet DM with DCP did not affect 10th-rib fat depth, LM area, or lean percentage [24] . In contrast, inclusion of 10% DCP in the diet decreased abdominal fat yield in broiler chickens [18] , which was different from the results in the present experiment. This discrepancy may be partly attributed to differences in animal genotype and chemical compositions of the experimental diets between the two experiments.
CONCLUSIONS AND APPLICATIONS
1. DCP contains low levels of gross energy (3.60 Mcal/kg), CP (6.17%), and amino acids (0.02 to 0.54%), and high levels of fiber (15.69% for CF, 23.37% for NDF, and 21.49% for ADF); DCP should be used with supplementation of high-energy or protein feed ingredients in feed practice. 2. AME of DCP by geese was 2.05 Mcal/kg, and the true total tract digestible methionine, lysine, tryptophan, and threonine contained in DCP by geese were 0.01, 0.10, 0.03, and 0.12%, respectively. 3. It appears to be palatable and can be included in geese diet below 12% without negative effects on growth performance and carcass yield.
